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ABSTRACT
Observations by HAWC and Milagro have detected spatially extended TeV sources surrounding middle-
aged (t ∼ 100− 400kyr) pulsars like Geminga and PSR B0656+14, which have been named “TeV Halos”,
representing very extended TeV pulsar wind nebulae (PWNe) powered by relatively old pulsars. A few more
HAWC-detected sources have been suggested to be TeV halo candidates. In this paper, we search for possible
GeV counterparts of three TeV halo candidates with Fermi Large Area Telescopes. We detect a new spatially
extended GeV source in the vicinity of the TeV halo candidate 2HWC J1912+099, which is also detected by
HESS (HESS J1912+101). We find that the size of the GeV source is significantly larger than that of the TeV
emission measured by HESS, and a spatial template characteristic of a PWN can fit the GeV data. We suggest
that the GeV source is an extended PWN powered by the central middle-aged pulsar PSR J1913+1011. This
discovery favors the TeV halo scenario for the TeV source 2HWC J1912+099 (HESS J1912+101), although
the possible shell-like morphology measured by HESS challenges this interpretation. Alternatively, the TeV
emission could be dominated by a supernova remnant (SNR) via the hadronic process. Future multi-wavelength
observations of the source and more precise measurements of the spatial profile of the TeV emission will be
useful to distinguish between the two scenarios.
Subject headings: pulsar wind nebulae–cosmic rays
1. INTRODUCTION
Observations from Milagro (Abdo et al. 2009), along with
recent observations by HAWC (Abeysekara et al. 2017a),
have revealed extended TeV emissions (i.e., TeV halos) sur-
rounding Geminga and PSR B0656+14. The angular sizes
of the TeV halos are much larger than the X-ray pulsar wind
nebulae (PWNe). The measurements of surface brightness
profile of these TeV halos suggest inefficient diffusion of par-
ticles from the sources, giving rise to a debate on the pulsar
interpretation of the cosmic-ray positron excess (Abeysekara
et al. 2017b). Xi et al. (2019) argued that GeV observations
provide more direct constraints on the positron density in the
TeV nebulae in the energy range of 10-500 GeV and hence on
the origin of the observed positron excess. Motivated by this,
they searched for GeV emission from the two TeV halos with
the Fermi Large Area Telescope (LAT). No convincing GeV
counterparts are detected from these two TeV halos which
suggests a relatively low density of GeV electrons/positrons
in the TeV halos, thereby constraining their contribution to
the positron excess (Xi et al. 2009). Considering the proper
motion of the Geminga pulsar and one-zone diffusion spatial
templates, which leads to a very large size for the source, Di
Mauro et al. (2019) claimed the detection of GeV emission
from the Geminga TeV halo. However, the large size could
lead to serious contamination from the background, so the re-
sult is still uncertain.
A few more TeV halo candidates have been suggested by
Linden et al. (2017), based on the HAWC source catalog
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(Abeysekara et al. 2017a). These include 2HWC J1912+099,
2HWC J1831-098 and 2HWC J2031+415 (Abeysekara et
al. 2017a). Motivated by these observations, we attempt
to search for possible GeV counterparts of these TeV halo
candidates. 2HWC J1912+099 is spatially coincident with
HESS 1912+101, which is found in the Galactic plan survey
by HESS. HESS 1912+101 is suggested to be a possible su-
pernova remnant based on the shell-like morphology of the
TeV emission (H.E.S.S collaboration 2018). However, the
suggested size of the TeV emission measured by HAWC is
different from the HESS source (Abeysekara et al. 2017a),
which may be due to different field-of-view and sensitivities
of the two telescopes.
The area of HESS J1912+101 was covered by the
NRAO/VLA Sky Survey at 1.4 GHz (Condon et al. 1998)
and the new Multi-Array Galactic Plane Imaging Survey
(MAGPIS; Helfand et al. 2006), but no obvious counterpart
to the TeV source was found (H.E.S.S collaboration 2018).
Recently, Reich & Sun (2019) analysed the Sino-German
Urumqi λ6 cm survey and find a partial shell of possible
excessive polarisation at λ6 cm at the periphery of HESS
J1912+101, but they could not separate the shell’s total inten-
sity signal from the confusing intense diffuse emission from
the inner Galactic plane. To be conservative, since the signif-
icance of polarization is low, we use their total flux density
of 2.5±1.0Jy, which is inferred from the polarization flux, as
an upper limit at λ6 cm (Reich & Sun 2019). Archival Chan-
dra data from observations targeting at PSR J1913+1011 (and
only covering the central region of HESS J1912+101) were
analyzed by Chang et al. (2008) to search for X-ray counter-
parts, but no convincing X-ray counterpart was detected. As
no low-energy (radio and X-rays) counterparts are found so
far, the nature of this source is quite uncertain.
In §2, we perform an analysis on the Fermi-LAT data to-
wards the region of 2HWC J1912+099 (HESS 1912+101).
We focus on the spatial extension analysis of the GeV emis-
2sion using different spatial templates. In §3, we consider a
physically-motivated template, i.e., the GeV emission is pro-
duced by diffusing electrons as in the TeV halos (hereafter
named "diffusion" templates). In §4, we present the spatial
analysis of the other two TeV halo candidates, 2HWC J1831-
098 and 2HWC J2031+415. Finally , we give discussions in
§5.
2. FERMI/LAT DATA ANALYSIS
The LAT on board the Fermi Gamma-Ray Space Telescope
has continuously monitored the sky since 2008 and scans the
entire sky every 3 hours (Atwood et al. 2009). For this work
we use the Pass 8 SOURCE data taken from 2008 August 4
to 2019 January 19 to study the extended gamma-ray emission
around HESS J1912+101. We select the γ-ray events in the
10−500GeV energy range, using standard data quality selec-
tion criteria "(DATA_QUAL> 0)&&(LAT_CONFIG == 1)".
Since we are only considering high energy (>10 GeV) γ-ray
events, for which the point-spread function(PSF) is relatively
good, the maximum zenith angle is set to be 105◦. Data within
a 14◦× 14◦ radius of interest (ROI) centered on the position
of HESS J1912+101 are binned in 12 logarithmically spaced
bins in energy and a spatial binning of 0.1◦ per pixel is used.
We utilize the the publicly available software fermitools (ver.
1.0.0). The P8R3_SOURCE_V2 set of instrument response
functions (IRFs) is used.
For the background model, we include the diffuse Galactic
interstellar emission (IEM, gll_iem_v07. f its) and isotropic
emission ("iso_P8R3_SOURCE_V2_v1.txt" ) templates re-
leased by Fermi Science Support Center (FSSC)5, as well
as individual gamma-ray sources listed in the Fourth Cata-
log of Fermi-LAT Sources (4FGL; The Fermi-LAT collabo-
ration 2019). Considering that the background point source
4FGL J1913.3+1019 is reported to be associated with a ra-
dio pulsar, PSR J1913+1011, which is only ∼ 0.140◦ away
(RA=288.335◦,DEC=10.19◦; Morris et al. 2002), we re-
locate the position of 4FGL J1913.3+1019 to that of PSR
J1913+1011 in the analysis.
In subsequently analysis, the normalization and spectral pa-
rameters of the discrete gamma-ray sources within 5◦ in the
background model are left free. We also free the normal-
izations of the isotropic and Galactic components. Note that
the typical cutoff energies of the sources shaped by the Log-
Parabola function are smaller than 10 GeV, we thus free only
the normalization of the LogParabola function in order to get
a convergence of fitting.
We search for possible GeV emission around the region of
HESS J1912+101. First, we perform a background-only fit-
ting and obtain the test statistic (TS) map, as shown in Fig.
1. The TS value is defined as TS=2(lnL1 − lnL0), where L0
is the likelihood of background (null hypothesis) and L1 is
the likelihood of the hypothesis for adding a source. An ob-
vious excess is located in the region of HESS J1912+101.
Then, we create a series of spatial templates to test the ex-
tension of the excess emission. To define a source to be
extended, TSext ≥ 16 is required (TSext = 16 corresponds
to a formal 4σ significance; Ackermann et al.2017), where
TSext = 2(lnLext − lnLps), with Lext and Lps being the like-
lihoods of hypothesis for adding an extended source and a
point-like source, respectively (Lande et al. 2012).
2.1. Single point-like source model
5 http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
First, we consider a point-like source model. We add a
point-like source at the position of the peak test statistic (TS)
value into our background model, and optimize the localiza-
tion using the gtfindsrc tool. The derived best-fit location of
the excess above 10 GeV is (288.405◦, 10.361◦)±0.028◦. The
significance of the excess γ-ray emission is TS = 45.3 (6.7σ).
The spectrum and flux in this model are shown in Table 1.
2.2. HESS map template
To check if the spatial distribution of the excess γ-ray
emission traces that of the observed TeV emission measured
by HESS (HESS J1912+101), we consider a template that
reflects the TeV emission morphology measured by HESS,
i.e., a three-dimensional spherical shell, homogeneously emit-
ting between Rin and Rout and projected onto the sky, with
Rout = 0.49
◦ and Rin = 0.32
◦ (H.E.S.S collaboration 2018; see
also the red "dashed circles" in Fig. 1). The significance of
the excess γ-ray emission is TS = 43.2 (6.6σ). This TS value
indicates that the HESS map model does not improve over the
point source model. This seems to indicate that there is a peak
in the GeV emission near the center of the profile, in contrast
to a ring-like distribution.
2.3. Uniform disk template
To investigate whether the γ-ray excess is an extended
source spatially, we first consider an uniform disk template.
We select the best-fit position of the point-like source as the
center of the disk, and vary the disk radii from 0.1◦ to 2.0◦ in
steps of 0.1◦ to search for the best-fit radius. We also vary the
radii in steps of 0.05◦ around the best-fit radius found in the
first step to get a more precise radius. The best-fit is found at
a disk radius of Rdisk = 0.85
◦±0.08◦ with TS=68.5 (8.3σ), as
shown in Fig. 2. Since we have TSext = 23.1 relative to a sin-
gle point source model, the GeV source is spatially extended.
The radius of GeV emission is larger than that of the TeV
emissions measured by HAWC and HESS, which are about
0.7◦ and 0.5◦, respectively (Abeysekara et al. 2017a; H.E.S.S
collaboration 2018).
2.4. 2D Gaussian template
The other model for studying the source extension in stan-
dard Fermi-LAT analysis is the two-dimension (2D) Gaussian
model. We set the center of 2D Gaussian at the best-fit posi-
tion of the point source model, and vary σ from 0.1◦ to 1.3◦
in steps of 0.1◦ to search the best-fit σ. Also we consider a
step of 0.01◦ around the best-fit σ found in the first step. We
define the source size as the radius containing 68% of the in-
tensity, R68 = 1.51σ, as suggested by Lande et al. (2012). The
best-fit is found at σ = 0.42◦± 0.03◦, corresponding to 68%
containment radius R68 = 0.63± 0.05◦, with TS=76.7 (8.8σ),
as shown in Fig. 2. The significance of extension in the 2D
Gaussian model is TSext = 31.4 (5.6σ) relative to a single point
source model.
3. DIFFUSION TEMPLATES IN THE TEV HALO SCENARIO
The fact that the size of the GeV source is significantly
larger than that of the TeV source is consistent with the sce-
nario of the counterpart of a TeV halo (i.e., an extended GeV
PWN), considering that GeV-emitting electrons have longer
cooling time so they diffuse to a larger extent. Although the
shell-like morphology measured by HESS is not expected in
the TeV halo scenario, we note, however, that the morphol-
ogy and size measured by HAWC are different, so it is still
3unclear whether the TeV halo scenario can be excluded. On
the other hand, interpreting the GeV source as an extended
PWN does not necessarily require the TeV source be domi-
nated the PWN. The TeV source can be interpreted as other
sources, such as an SNR.
In the PWN scenario, the GeV emission is produced by dif-
fusing electrons injected from the pulsar via IC scattering on
the interstellar radiation. To study this possibility, we calcu-
late the spatial template under the isotropic diffusion model.
The details of the calculation on the gamma-ray emission and
their spatial distribution can be found in Xi et al. (2019) and
Liu et al. (2019). The magnetic field strength in the sur-
rounding ISM is assumed to be B = 5µG, and the interstel-
lar radiation field (ISRF) consists of, in addition to CMB, a
20K far-infrared radiation with energy density of 0.4eVcm−3,
a 1300 K near-infrared radiation with energy density of
0.6eVcm−3 and a 6500K optical radiation with energy den-
sity of 0.2eVcm−3 following the ISRF model by Popescu et
al. (2017). To model the injection history of electron/positron
pairs from the pulsar, we assume an initial rotation period of
15ms and a braking index of 3 for the pulsar, which then re-
sults in a pulsar age of tage ≃ 140kyr. A fraction of ηe of the
spin-down luminosity of the pulsar is assumed to be converted
into the energy of pairs which are injected in a power-law
spectrum with a slope p. We then estimate the required diffu-
sion coefficient to beD≃ 1027(E/1TeV)1/3cm−2s−1 in order to
explain the spatial extension of the GeV emission within the
pulsar’s age, given the best-fit σ = 0.42◦ in the 2D Gaussian
template which corresponds to 30 pc at a nominal distance of
4.5 kpc. This diffusion coefficient is about two orders of mag-
nitude lower than the ISM value, consistent with the value
found for the Geminga TeV halo (Abeysekara et al. 2017b).
Since the position of the maximum TS is ∼ 0.15◦ from the
pulsar in the excess map, we have taken into account of the
proper motion of the pulsar by assuming a plane-of-sky ve-
locity = 0.15◦/tage ≃ 3.85mas/yr or 83km/s.
Depending on whether the measured TeV emission has the
same origin as the GeV emission, we obtain two templates
with different spectral indices (denoted by p) for the injected
electron/positron pairs (dNe/dγe ∝ γ−pe ), and the predicted
flux is compared with data in Figures 3 and 4. We gener-
ate the diffusion templates using the mapcube file, which is
a 3 dimensional FITS map allowing arbitrary spectral varia-
tion as a function of sky position and cut at 2◦. For p = 1.6 and
ηe = 0.06, the measured TeV flux can be fitted simultaneously,
with the TS value being 64.3 (8.0σ) for the GeV source. In the
other template, a softer injection spectrum with p = 2.0 is as-
sumed, and the TS value is 67.5 (8.2σ) for the GeV source. As
the significance (≈√TS) of the signal for these two diffusion
templates is comparable to that of the Gaussian and disk tem-
plates, a possible physical explanation is that the GeV source
is an extended PWN powered by PSR J1913+1011.
4. DISCUSSIONS ON THE ORIGIN OF THE GEV/TEV SOURCE
In this section, we discuss the possible nature of the GeV
and TeV emission. One scenario for the GeV and TeV emis-
sions is that they both arise from a PWN, produced by diffus-
ing electrons that up-scatter the CMB and ambient photons.
The advantage of this scenario is that it can naturally explain
the fact that the size of the GeV emission is significantly larger
than that of the TeV emission measured by HESS. As shown
by Fig. 5, the angular profile of TeV emission in the PWN sce-
nario is steeper than that of the GeV emission due to stronger
radiative cooling for TeV-emitting electrons, i.e., the intensity
of TeV emission decreases more quickly with the distance to
the center, which may explain the more compact size of the
TeV emission. Indeed, some known PWNe, such as HESS
J1825-137, show a clear energy-dependent morphology, with
smaller sizes at higher energies (H.E.S.S collaboration 2019;
Liu &Yan 2019). Modeling of the spectral energy distribution
(SED) with this scenario is shown in Fig. 3. The hard elec-
tron index (p = 1.6) is not unusual for PWNe. However, this
scenario can not explain the possible shell-like morphology
of the TeV emission, as suggested by recent HESS observa-
tions (H.E.S.S. Collaboration et al. 2018), since the intensity
in the PWN scenario is expected to decrease smoothly with
the distance to the center. Since the field of view (FOV) of
HESS is relatively small, a more clear angular profile of the
TeV emission would require observations by larger-FOV tele-
scopes, such as HAWC and LHAASO.
If the shell-like morphology is true, the TeV source may
originate from an SNR (H.E.S.S collaboration 2018; Su et al.
2017). Given the relatively short radiative energy loss time
of electrons producing TeV emission, it has been suggested
that the shell-like TeV emission may be due to hadronic in-
teractions between high-energy protons accelerated by the
SNR and the surrounding high-density molecular gas (Su et
al. 2017). The GeV source can still be interpreted as an ex-
tended PWN in this scenario, as long as the TeV counterpart
of the extended GeV PWN is dim, being outshone by the TeV
SNR emission. The SED modeling with these two compo-
nents (i.e., PWN plus SNR) is shown in Fig. 4. With a total
energy of protons above 1 GeV of 3× 1049(n/5cm−3)−1 erg,
where n is the mean ambient density, the hadronic emission
from the SNR contributes significantly to the observed TeV
emission. The maximum energy of the SNR-accelerated pro-
tons needs to be EM >100TeV in this scenario. Such a high
maximum energy is challenging for an old SNR with an age
of 170 kyr. One possible solution is that these energetic pro-
tons were accelerated in the early stage of the SNR evolution
and they are still trapped by molecular clouds, giving rise to
the observed TeV emission (Zeng et al. 2019).
5. 2HWC J1831-098 AND 2HWC J2031+415
Two other TeV halo candidates (2HWC J1831-098 and
2HWC J2031+415) have been reported by Linden et al.
(2017). 2HWC J1831-089 is an extended source (0.9◦ disk)
reported to be associated with the TeV source HESS J1831-
089, a candidate PWN powered by the pulsar PSR J1831-
0952 (Linden et al. 2017). 2HWC J2031+415 (0.7◦ disk)
is associated with the TeV source J2031+4130 detected by
HEGRA in 2002, a PWN first reported as an unidentified
source in TeV band (Aharonian et al. 2002). We apply the
same Fermi-LAT analysis to these sources. We found no sig-
nificant excess in GeV emission by testing different spatial
templates for 2HWC J1831-098 in the energy band 10-500
GeV, as shown in Fig. 5. An upper limit flux of 3.09× 10−12
erg cm−2 s−1 (95% confidence level) is obtained, assuming
a spectral index of 2.0 and an uniform disk template of ra-
dius 0.9◦ (centered at 2HWC J1831-098). We compare this
GeV flux limit measured by Fermi-LAT with the TeV flux of
2HWC J1831-098 and find that the upper limit is significantly
lower than the TeV flux (7.60×10−12 erg cm−2 s−1). This may
imply that a hard electron index is needed in the PWN sce-
nario for the GeV and TeV emissions, which is quite similar
to the Geminga TeV halo (Xi et al. 2019).
4The source 2HWC J2031+415 is located within the region
of the GeV-bright Cygnus Cocoon (distance of 0.664◦). The
diffuse emission in this region was fitted by a 2D Gaussian
model with σ = 3.0◦ by the Fermi collaboration (The Fermi-
LAT collaboration 2019). As seen in the right panel of Fig.
5, after subtracting the emission of the Cygnus Cocoon, no
significant excess is found in the residual map. Therefore,
it is hard to identify possible GeV emission from 2HWC
J2031+415 in the region of the bright Cygnus Cocoon. For
this reason, we do not analyze this source further.
6. CONCLUSIONS
Using ∼10.4 years of Fermi-LAT data, we discovered a
new extended GeV source in the vicinity of the TeV source
2HWC J1912+099, which is also detected by HESS (HESS
J1912+101). The best-fit extension of the GeV γ-ray emis-
sion is 0.85◦± 0.08◦ using the uniform-disk template, signif-
icantly larger than the size of the TeV emission measured by
HESS (∼0.5◦). Considering also that there is a middle-aged
radio pulsar PSR J1913+1011 at the center of the GeV/TeV
emission, we studied the possibility that the GeV/TeV source
is an extended PWN, i.e., a TeV halo. Then we test vari-
ous diffusion templates, which assumes that the GeV emis-
sion is produced by diffusing electrons, and find that the dif-
fusion spatial templates give an almost equally good fit to the
data as the uniform-disk spatial template and Gaussian spatial
template. Thus, the GeV source can be interpreted as an ex-
tended PWN. However, the possible shell-like morphology of
the TeV emission, if true, is inconsistent with this scenario.
Alternatively, the shell-like TeV morphology may be at-
tributed to emission from an SNR. In this scenario, the TeV
emission is likely produced by ions interacting with the sur-
rounding high density molecular gas (Su et al. 2017), given
the very short radiative loss time for TeV-emitting electrons.
By studying a sample of 34 γ-ray SNRs, Zeng et al. (2019)
found that the acceleration of TeV particles usually stops be-
fore the end of the Sedov phase when the remnant is. 10 kyr,
which is much shorter than the age (170kyr) of the system.
One possible solution to this dilemma is that these energetic
protons were accelerated in the early stage of the SNR evolu-
tion, and they are still trapped by molecular clouds, producing
the observed TeV emission. The GeV source can still be inter-
preted as an extended PWN with its TeV emission outshone
by the SNR. This is possible if the electron spectrum of the
PWN is soft. A precise measurement of the angular profile
of the TeV emission in the future will be useful to diagnose
the electron diffusion in the TeV halo scenario. Meanwhile,
future deeper multi-wavelength observations to search for the
low-energy counterparts of a potential SNR will be useful to
test the SNR scenario.
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FIG. 1.— 3◦×3◦ TS maps of the HESS J1912+101 region in the energy band 10-500 GeV, with pixel size corresponding to 0.05◦×0.05◦ . The green crosses
represent the positions of the 4FGL point sources and the green square represents the extended source G42.8+0.6. The two red dashed circles indicate the outer
and inner radii of the shell model for the TeV source HESS J1912+101(H.E.S.S collaboration 2018), while the yellow and the white dashed circles indicate
the extents of 2HWC J1912+099 (Abeysekara et al. 2017) and the GeV emission (uniform-disk template) in this work, respectively. The position of the PSR
J1913+1011 is shown with a green dot. Left panel: excess map with all the background components subtracted, including the diffuse Galactic background,
isotropic background, extended sources and point sources in 4FGL. Right panel: the residual map with an additional extended GeV source being subtracted,
assuming a disk template for the GeV emission. All the maps have been created for a pixel size of 0.05, smoothed by gaussian kernel(σ = 0.35◦). The color bar
represents the value of TS per pixel.
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FIG. 2.— The significance of the GeV source assuming uniform-disk(left) and 2D-Gaussian(right) models with various Rdisk and σ, respectively. The maximum
TS of the uniform-disk model is at Rdisk = 0.85± 0.08
◦ with TS=68.5. The maximum TS of the 2D Gaussian model is at σ = 0.42± 0.03◦ , corresponding to
68% containment radius R68 = 0.63± 0.05
◦ , with TS=76.7.
6FIG. 3.— Modeling the multi-band spectrum of the source with the electron synchrotron plus inverse-Compton emission in the PWN scenario. The data points
and upper limits (3σ confidence level) of the GeV emission (10 GeV - 500 GeV), obtained using the diffusion templates, are shown as red points. The blue data
points represent the H.E.S.S energy flux spectra of HESS J1912+101. The purple butterfly shows the best fit power-law model with Γ=2.64±0.06 of 2HWC
J1912+099. The black data points represent the upper limits of radio emission (Reich & Sun 2019) and X-ray emission (Chang et al. 2008). Model parameters
are P0 = 15ms, n = 3, D = 10
27(E/1TeV)1/3cm2s−1 , ηe = 0.06, and p = 1.6.
FIG. 4.— Modeling the multi-band spectrum of the source in the joint model, where the GeV emission is mainly produced by a PWN and a SNR contributes
significantly to the TeV emission. The data points are the same as that in Fig.3. The model parameter values for the PWN are the same as that in Fig. 3 except
for ηe = 0.08 and p = 2.0. Model parameters for the SNR are Ep = 3× 1049erg, p = 2 and a gas density of n = 5cm−3.
7FIG. 5.— The surface brightness profiles in 10−500GeV and > 1TeV for the diffusion template and for the 2D Gaussian template 10−500GeV.
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FIG. 6.— Left panel: the excess map around the region of 2HWC J1831-089 with all the background components being subtracted. No significant excess
emission is found. The white star and dashed circle represent center and edge of the TeV source 2HWC J1831-089. The pulsar PSR J1831-0952 is shown by
a green dot. Middle panel: the excess map around the region of 2HWC J2031+415 with all the background components subtracted except the cygnus cocoon
(the center of the cygnus cocoon is shown by a green square). Right panel: the excess map with all the background components, including the cygnus cocoon,
subtracted. The white star and dashed circle represent the center and edge of the TeV source 2HWC J2031+415. The position of the γ-ray pulsar PSR J2032+4127
is shown by a black cross. Note that the source 4FGL J2032.2+4127 is associated with PSR J2032+4127 (The Fermi-LAT collaboration(2019)). All the maps
have been created for a pixel size of 0.1, smoothed by gaussian kernel(σ = 0.7◦). The color bar represents the value of TS per pixel.
TABLE 1
TS VALUES AND SPECTRAL INFORMATION OF THE GEV SOURCE FOR DIFFERENT SPATIAL TEMPLATES
Spatial Template Energy Flux Spectral Index TS
(×10−11 erg cm−2 s−1)
PSa 0.37 ±0.10 3.05±0.20 45.3
HESS Mapb 1.62 ± 0.39 1.96 ± 0.10 43.2
Uniform disk (0.85◦) 2.53 ±0.47 2.41±0.18 68.5
Gaussian (σ = 0.42◦) 2.69 ± 0.44 2.44 ± 0.10 76.7
Diffusion 1c 3.18 ± 0.45 - 64.3
Diffusion 2d 2.71 ± 0.37 - 67.5
Notes:
aPS corresponds to the point source model with a power-law spectrum.
b HESS Map represents the TeV shell model with outer radius of 0.49◦ and inner radius of 0.32◦ (H.E.S.S collaboration 2018).
cThe parameters used for the diffusion template 1 are P0 = 15ms, n = 3, D = 10
27(E/1TeV)1/3cm2s−1, ηe = 0.06, p = 1.6. See also Section 3 for details.
dThe parameters used for the diffusion template 2 are the same as those in the diffusion template 1, except ηe = 0.09 and p = 2.0.
